Around 50 billion dollars is spent yearly on therapy for low back pain in the United States alone. Low back pain is one of the most common reasons for doctor visits. Having poor posture has been found to be a main cause of lower back pain as it impacts the transverses abdominis muscle. Maintaining a good posture and changing one's position from time to time is considered to significantly improve and maintain one's health. The world has witnessed a vast amount of smart monitoring devices that are used to enhance the quality of life by providing different types of support. Smart wearable technology has been the main focus of this century, specifically in the medical field, where the advances range from heartbeat monitors to hearing aids. This report highlights the design, development and validation process of a compact wearable device that uses multiple sensors to measure the back posture of a user in real time and notify them once poor posture is detected.
LIST OF FIGURES
The last two decades have witnessed an exponential growth and tremendous developments in wireless technologies and systems, and their associated applications, such as those reported in .Posture is the way people carry themselves, in the way they stand, sit, walk and perform tasks, and this posture has a substantial effect on their health.
Maintaining a good posture allows the vertebras of the spine to be correctly aligned. Poor posture has been linked with bad health as well as lower performance. A study showed that having a slouched posture impacts the transverses abdominis muscle. It was shown that the thickness of the transverses abdominis muscle is significantly less when a person maintained a slouched posture [25] . This transversus abdominis dysfunction is directly associated with low back pain. Low back pain is one of the leading cause of disability in the world, where it is estimated that around 80% of the world population will experience it at some point in their lives [26] . Each year in the United States, around 50 billion dollars is spent on treating back pain [27] . This problem can also be seen in the UAE where 62% of the young population report to suffer from back pain [28] . Dr. Hilali Noordeen, an orthopedic surgeon at Burjeel Hospital in the UAE said that back pain caused by daily habits such as sitting on a chair with a hunchback, can have severe damaging effects in the long run [28] . Moreover, another study showed that subjects asked to sit with a hunched posture, reported greater stress and thus lower performance [29] . Maintaining the same position for a long time, even with good posture, is also considered a bad postural habit as the muscles in the spine may stop producing substances that are essential for normal biological operations [30] . Therefore, keeping a good posture and changing one's position from time to time is considered important, if not necessary for maintain good health.
PROBLEM STATEMENT
A large number of the working population have office jobs that require long hours of sitting, and students spend most of their time on laptops devices leaning forward and these habits lay significant strain on the neck and back. In fact, after surveying 200 people of various age groups, 76% said that they do not practice good posture. Of those people, more than 90% said that they experience back pain occasionally to constantly. This unintentional repetition of poor posture every day slowly changes the body's structure and the body ends up adapting to it. Bad postural habits cause the chest muscles to tighten leading to an excessively curved back in the upper back or thoracic region as shown in figure 4 below. The muscles of the upper back loosen and eventually weaken. Therefore, we introduce a smart monitoring system that is used to enhance the quality of life by providing the support needed to maintain good posture and keep the body moving. The system will consist of a wireless wearable device that can be attached to a person's back and is used to alert the user in case of an unhealthy postural situations, such as sitting with a hunchback or remaining idle for long periods of time. By motivating the user to exercise posture control, we can help improve the user's ability to maintain an upright position of the spine on the long term with no external help, as well as reduce the possibility of future musculoskeletal problems and pain. The user will acquire awareness of their own posture using vibrational feedback, and correct it when necessary. With time, the device will unconsciously engrave the habit of maintaining a good posture, without the need for the user to be reminded. Such that, the user will be able to fix their own posture after continued use. A mobile app will also compliment the device, showing graphs of posture over time, and sending the users a summary of their progress of maintaining good postural habits so that they can track their own progress.
OBJECTIVES

BENEFITS
-Reduce chronic pain that results from poor posture.
-Decrease the stress and pressure on the spine.
-Prevent musculoskeletal disorders and structural deformity of spine.
-Train users to maintain good back posture until it becomes a daily routine.
FEATURES
-Compact and light.
-Wireless connectivity.
-Calibrated measurements to various users.
-Rechargeable battery.
GOALS
To reduce the repercussions of bad posture by designing a wearable device that detects and corrects poor posture via haptic feedback, and trains users to maintain posture through continuous use.
FUNCTIONS
-Collecting data from sensors positioned on the thoracic curve.
-Processing the data obtained by converting them to angular values.
-Sending feedback to the user via both vibration motors to alert him when poor posture is detected, and an App to track user's posture during the day. into textiles for data collection. However, due to the novelty of this field and unavailability of datasets and information on sensor development done by previous researches, most effort is still directed towards the development of the measuring method and accuracy.
Thus, the integration of the sensors into a complete system as well as aspects like comfort, aesthetics and wearability are often neglected. Previous work can be classified into three categories in term of the adopted method of obtaining measurements:
First category of work is based on fiber optic sensors. These sensors use the intensity of light passing through as a measurement tool which is proportional to the bend in the sensor. Dunne et al. built up a system that relates the optical fiber sensor readings to the user's sitting posture [33] . Fiber optic sensors were also used to measure seated spinal posture in [34] . However, this solution is limited to seated bending back postures. Second category of work turns to make use of non-intrusive pressure sensors. Dunne et al. [35] used textile piezoresistive pressure sensors to measure shoulder and neck movements through registering the pressure between skin and textile. However no test was performed to detect the sensors reaction to movements of varying magnitudes. Third category of works explores the use of accelerometers. Hanson et. al. [13] employed the use of accelerometers to measure joint angles with good accuracy results. Similarly, Van Laerhoven et al. [37] and Martin et al. measured postural activities using accelerometers by attaching the to the pants. Lin et al.
[15] presented a multi-posture monitoring system using accelerometers embedded in a wearable vest. Moreover, a commercially available product, lumo lift [38] , also helps monitor and coach upper body movements through the use of a gyroscope. The emphasis of this product however, is on the aesthetic integration of posture feedback to the wearable device rather than on reliable measurements. Some of the mentioned techniques above are not well suited to develop a wearable measuring system due to the weight of the sensor or to the impracticality of placing it on the user's back.
Our approach is similar to the postural monitoring system developed by Wang et al. [40] Where two sensors attached to a garment are used in reference to each other to measure the spinal angle. However, our approach is more automated as their system relied on a therapist calibrating the system on each user to a range of various postures. Moreover, because the measurements in the postural monitoring system is dynamic, accelerometers can not give the same accuracy as in the static case. Thus, in addition to the inertial acceleration, the gravitation must also be considered. Accelerometers and gyroscopes are commonly incorporated for dynamic positional changes. To measure inclination in spinal curvature, angular rates of rotations are integrated to obtain the positions in the sagittal plane. However, the position values are still due to some inaccuracies as they are affected by drift problems due to the integration method used [41] . On the other hand, the AHRS modules have an accuracy of better than 1 degree, and have high accuracy in dynamic estimations, as they use a combination of accelerometer, gyroscope and magnetometer for stabilization in measurements making them a better option for data collection. The next section in this report will discuss the AHRS and will provide more technical information on the accuracy and data collection method.
REQUIRMENTS AND SPECIFICATIONS
After taking into account all the existing technologies and studies performed in this area as discussed in the literature review section, a detailed description of our design is presented in the following section. This section will discuss all the requirements our system will be based on, the theory behind the data collection and obtaining a measure for detecting postural changes, and the various components and technologies the system will encompass. We will talk about the main requirements of our design, concept of Euler and quaternion angles and how the thoracic angle is obtained through them. Moreover, we discuss the several hardware components and their specifications and we portray the iterative design and concept generation process, shedding light on how we came up with our final design structure.
WEARABLE SYSTEM REQUIREMENTS
The hierarchy chart below summarizes the requirements of the postural monitoring system.
The following requirements should be followed when coming up with design alternatives for the system. A more detailed description of each requirement follows below the chart. 
 Marketable
The design of the system is one of the most important factors in wearables. For example, Size and weight are very critical. The design should be small, light and comfortable to the user to be worn under the shirt conveniently.
 Safety
Safety is highly important as well. The system must not heat up especially when it's placed directly on the skin. The design shouldn't also cause skin reactions.
 Reliability
The system should be reliable in terms of power consumption and data accuracy. Since wearable devices are powered by batteries and are required to be ON almost all the time, they consume a lot of power. Reducing their power consumption is considered challenging because the capacity of the battery is limited since the overall size has to be small. Therefore, wearable should operate at ultra-low power. If Bluetooth is intended to be used, then Bluetooth Low Energy is the best choice for reducing power consumption.
In order to insure data accuracy, an IMU and a flex sensor will be used to to determine the user's posture instead of one sensor. Additionally, the sensor will be calibrated to meet different heights and body shapes for accurate results.
 Wireless connectivity
Wireless connectivity is significant in wearables especially when there is an output to display. The system should be able to communicate with a user interface to display the collected data and interact with the user.
 Feedback System
The system should provide feedback to the user via haptic. In system's design, a vibration motor will be placed in order to alert the user (with vibrations) when poor posture is detected. Vibration motors should be energy efficient, small and flat.
MODULES REQUIREMENTS
Following the wearable system requirements, below is a detailed description of each of the modules that the system will include. Some modules were added after the first prototype due to testing with various sensors and components. Moreover, each module or component has a verification method in order to make sure that the requirements are reached. The bending of the flex sensor should be accurately measured along the horizontal axis of motion.
Buzzes for a specific period of time only (while user is slouching) and stops vibrating when good posture is maintained.
Bluetooth modem should consume a low energy and should efficiently send data to a user interface.
VERIFICATION
The IMU will be connected to the microcontroller and rotated along the axis while obtaining data in real time.
Check the detection of back slouching and bending through an MCU while placed on a person.
Connect it to Arduino board through an output digital pin and apply slouching case with a period of time set in the program to send a high signal to the motor.
Real time data sent to a user interface will be formed as a graph to allow the user view his performance during a day.
A low energy Bluetooth module will be used to avoid consuming a lot of energy.
The voltage supplied should be Measure the power consumption of each greater than 3V, and device it component to ensure good power Battery shouldn't heat up. consumption for a wearable device.
Place the battery on the back and test if it heats up.
DESIGN ALTERNATIVES
Following the design and module requirements, we come up with different design alternatives for the wearable device. The figure below demonstrates the design alternatives that the team has come up with. Each design has a set of pros and cons based on the requirements of the system that were discussed in the sections above.
In the first design cycle, we looked at the different ways our postural monitoring system can be implemented. These ways could target different parts of the body to detect bad postures. Each design option is further explained below. 
1) Undershirt
An under-shirt, as depicted in figure 4 , covers a large area of the spine and gives us more flexibility with sensor placement. However, people might not be comfortable wearing it throughout the day as it needs to be tight around the body in order for the sensor to collect correct angle measurements and there might be protruding parts. Moreover, sizing might be an issue to people of various heights as sensor placements may differ.
2) Back strap
The strap can be discreet since it can be worn under clothes, and can be worn everyday. It is light and comfortable and allows us to use a muscle flex sensor to measure muscle strain and detect stressed muscles which is also an issue related to posture. However, a downside to this implementation is how the accelerometer can be used to detect degree of bending to detect bad posture.
3) Necklace
Unlike the above options, this one does not target the back directly. It aims to detect posture by monitoring the movement of the neck and projecting this into quantifiable posture data. This design is more visible than the previous two and may not be preferred by the user, since it is considered to be gender specific.
An analysis of the costs and the benefits for each of the three designs has been made and recorded in the Table shown in the next page. the undershirt strap scored the highest in terms of meeting our objectives and constraints. This design enables the use of several sensors and enables the calculation of the thoracic angle directly from the thoracic spine movement.
The next step in the design cycle was component selection. We aimed to begin by presenting a proof of concept and experiment with the data collection. Thus, it was decided that it would be a good solution to start with a computing and sensing unit that encompasses plenty of features as to not limit the system. Therefore, the size at this stage was not put into consideration but rather the usefulness. The next section in this reports discusses the methods of obtaining the angles, theoretically at first, and then moves on to obtaining the angles using sensing technologies. More details on component selection and iterations is discussed in section 6 of this report. Quaternions provide an alternative measurement technique that does not suffer from gimbal lock. Quaternions are less intuitive than Euler Angles and the math can be a little more complicated. This is used to encode from the inertial rotation frame which is an is an Earth-fixed coordinate frame to the body-frame which is a frame that remains in alignment with the sensor [23] .
To encode the rotation from the inertial frame to the body frame of the sensor we use the unit vector quaternion defined as qib
where T is the vector transpose operator. Here, the element a definer the rotation that should be done on the vector and is a scalar quantity. The remaining elements b, c, and d
are the vector elements, that we perform the rotation on.
PRELIMINARY EXPLORATIONS
DATA ACQUISITON
1) Testing data communication and types of data being sent.
After purchasing and obtaining the sensor, the first things we did was to test the sensor and have a feel of what kind of data we are receiving. To do so, we connected the sensor to a PC and wrote a program that allows us to communicate with the sensor via a COM port. The sensor output data consisted of the IMU data for all 3 measurements of accelerator, gyroscope and magnetometer, each containing a triple axis. Moreover, the attitude consisting of the Euler angle was also given.
2) Plotting the data against time
We started by randomly and quickly moving the sensor in all directions and plotted the average value of each measurement against time. This plot shows the raw data obtained, prior to any form of calculation. The graph above demonstrates a test case where the user slouches twice within 8 seconds.
The first slouch was however longer, while the second one was due to sudden movement. Therefore, our system requires to differentiate between a significant and an insignificant slouch that will likely occur a lot throughout the day. The user should not be alerted unless the timespan of the slouch exceeds a specific critical value, such as 3secs. Therefore, a timer needs to be incorporated into the system for this purpose and initiated at the detection of a slouch.
PROBLEMS FACED WITH OBTAINING ANGLE
The two peaks shown represent a slouching position and a bending position. It is important to note that while slouching is considered poor posture, bending is not and is part of daily activities such as picking a pen up from the floor and many other similarly frequent movements. It will therefore be unfavorable for the device to go off every time the user bends. We should therefore be able to find a way to separate these two cases. However, in the gyroscope graph, the steepness of the value for the slouching position is much greater than that for the bending position. Therefore, we need to further investigate any possible distinctions that may be unseen in the graphs. This motivated us to go for a machine learning approach that will be discussed in further detail in the next section. After running the selection algorithm on the dataset containing all 9 degrees of freedom, in addition to quaternions and direction cosine matrix values, using Weka, a machine learning software, the following attributes were selected as having the highest variance and most distinct feature. The table below shows the eigenvectors and the ranking of the attributes, with accelerometer and gyroscope readings being selected as highest ranking features. 
CONCLUSION OF PRELIMINARY EXPLORATIONS
The first attempt at obtaining the thoracic angle was successful in terms of the accuracy of the angle, however, some problems have arisen. The main problem is the inability to distinguish between the two cases of slouching, which is considered under poor posture, and bending, which is a normal postural position. This was mainly due to the inability of a single sensor to detect enough information to differentiate the two.
The data was analyzed by plotting graphs of every measurable quantity from the sensor, however, no visual clear distinctions could be found. Therefore, a machine learning approach was considered to attempt to uncover any hidden characteristics of significance.
A principle component analysis (PCA) was done, but it gave a similar outcome to the visual analysis test. Therefore, we concluded that a single sensor is not sufficient to make this distinction and other sensors need to be added to our system. This will be discussed further in the next session.
SYSTEM OVERVIEW
As previously discussed, the issue with using one IMU gives inaccurate results in terms of differentiating between slouching and bending which also makes the wearable device inconvenience to the user due to the vibration of the motor in both cases.
In the second prototype, an IMU and a flex sensor were used to fix the problem with the first prototype which is the discrimination between bending and slouching. What will differentiate between bending and slouching is the bending of the flex sensor. When the angle is obtained from the IMU, the microcontroller checks if the flex sensor has bent. If there is a change in the resistance value of the flex sensor, then a high signal will be sent to the buzzer to vibrate. But if there was no change in the flex sensor resistance, then bending will be detected and the motor will not vibrate.
SYSTEM DESIGN
In this section, the main parts of the system and its functions are represented by the block diagram. Then, the flowchart clarifies the data flow in the system and the decisions made to control events.
BLOCK DIAGRAM
The postural monitoring system contains three main parts which are sensor unit, control unit and power unit as shown in figure 12 below. 
SYSTEM FLOW CHART
The data flow and the decisions taken by the microcontroller is explained in the figure below and it's followed by a description that will clarify each case in the chart. 2) Calibrate to User -The microcontroller will create a reference in the first 10 seconds the user wears the device and stands still for calibration.
3) Measure/Detect Posture -The angle is being calculated by the microcontroller.
4)
Send to Bluetooth -The calculated angles will be sent to the Bluetooth to be sent to a user interface.
5) Angle Greater Than Threshold? -Microcontroller compares between the measured
angle with the reference angle and based on that and the next case it will decide if the user is having a good posture.
6) Did Flex Sensor Bend? -Microcontroller checks if the flex sensor bent. If it did, then it
means that the user is slouching, but if it didn't, it means that the user is bending.
7)
Vibrate -If poor posture is detected (based on the previous two cases), the microcontroller sends a high signal to the buzzer which will cause it to vibrate to notify the user to adjust their posture.
8) Timer = 0? -This means that previously calibrated posture doesn't have to
be maintained and the user can move.
9) End & Send to User
Interface -The angular data will be sent to a use interface so the user can keep track with his progress.
HARDWARE SELECTION
This section lists the modules used in the system design and it includes the main three units which are the sensor unit, control unit and power unit as previously mentioned. The selection of the modules was made based on studies of the specs, availability of the components and experimental results.
SENSOR UNIT
1) IMU (MY AHRS+)
The sensor we will be using is the myAHRS+ sensor that consists of a high performing Attitude Heading Reference System (AHRS) with 9 degrees of freedom. This system has a triple axis 16-bit accelerometer, a triple axis 16-bit gyroscope, and a triple axis 13-bit magnetometer. This sensor was manufactured and designed by WITHROBOT Co [19] . I2C
bus is used to pass information to the microcontroller. A simple flex sensor is a resistive device that can detect bending through changes in the resistance across the sensor that is proportional to the amount of bending. The flex sensor is unidirectional as it detects bending in one direction, which is sufficient for our purposes. The flex sensor we will be using is the SEN-08606 4.5'' sensor. The output of the sensor is in volts and can be manipulated to display angle bending. The flex sensor is not sufficient to solely measure the thoracic angle of the back region as it is not sensitive enough for small angle changes which need to be detected by our system. It will therefore be used as a supportive sensor alongside the IMU sensor.
The specifications of the sensor are: The lilypad vibe board is known as a great physical indicator because it notifies the user only not the surroundings. The motor on the top of the board is less likely to be damaged according to the manufacturer. In the system, the motor vibrates when poor posture is detected by receiving a high signal from a digital pin in the microcontroller. The microcontroller receives data from the sensors via the I2C bus, processes it to compute the angles and checks if the user has exceeded the threshold value specified. If a poor posture is detected (which is done by comparing the output from the IMU and the bending of the flex sensor), the MCU sends a signal to the vibration motor to provide feedback to the user. The microcontroller also communicates wirelessly to a user interface to allow the user track his posture daily. The MCU board is really small and suits our needs, its dimensions are 0.7x1.3" (18x33mm) and it can be directly connected to the FTDI cable.
2.2 CONTROL UNIT
1) MICROCONTROLLER (ATMEGA328)
The main features of the board according to the manufacturer are:
 ATmega328 running at 8MHz with external resonator (0.5% tolerance)
 Low-voltage board needs no interfacing circuitry to popular 3.3V devices and modules (GPS, accelerometers, sensors, etc)
 0.8mm Thin PCB  Weighs less than 2 grams  3.3V regulator  Over current protected  DC input 3.3V up to 12V  Analog Pins: 8  Digital I/Os: 14 The Bluetooth modem receives angular data and muscle flex data that has been transmitted from the microcontroller and relays them to a computer. Then, the output will be displayed on a computer forming a graph of user's posture during a day.
2) WIRELESS MODULE (BLUESMIRF BLUETOOTH MODULE)
The specifications of the modem according to the manufacturer are: A rechargeable battery that outputs 3.7V at 850mAh is used to power the system. A LilyPad
Simple Power charger board is used between the LiPo battery and the whole system. This board supplies regulated power to the system and enables the user to charge the Lithium Polymer by connecting it to a power source using a micro USB connection. The LilyPad Simple Power allows switching the lipo battery on or off, and it's provided by a JST connector.
FINAL SYSTEM DESIGN
After many design iterations and experimenting with different sensors, the figure below shows the final system and components used. However, in the figure below, the sensor shown is just an indicator for the myAHRS+ sensor as they use the same connection (i2c).
Three different sensors were used in the same system and each sensor was evaluated based on its size and data accuracy. The three sensors were MPU6050, Razor 9DOF and MyAHRS+. The MPU 6050 was very small in comparison with the other two, however it didn't not contain a magnetometer as compared to the other two. Using the same angle derivation method, we've made, MPU 6050 gave values that were very off. We tried compensating for the gyroscope drift as well as using various filtering methods to get more accurate quaternion data.
However, most filtering techniques needed magnetometer data, and this was unavailable for the MPU6050. As for the Razor IMU, it was much larger than the myAHRS+ and had a less accuracy rate than myAHRS+ based on the system specs. Both were tried and myAHRS+ was more fitting with our system requirements and specifications.
6.3.1 SCHEMATIC DIAGRAM caused a design challenge as we had to delay transferring the components into the wearable system and solder components directly to each other because it will be much harder to disconnect and connect Bluetooth once the system is embedded onto the wearable strap. The figure below shows the system implemented on a breadboard for program prototyping and testing data received from each of the different sensors. After finalizing the code and confirming that the vibration board vibrates only when both of the following events occur:
1) Flex sensor resistance exceeds the specified threshold (Resistance ≥ 33000 Ω).
2) Angle calculated using the data collected from the IMU sensor (Angle ≥ 20°).
All components were removed from the breadboard and were soldered directly to each other using wires in order to minimize the space it takes inside the wearable strap. The figure below shows the final system embedded inside the wearable strap. Figure 24 shows how the system is worn. The strap can also be worn beneath clothing for minimal disruptiveness to appearance. The next section covers the final testing of the system for usability and requirement verification. 
TESTING AND RESULTS
The system was worn by one person for 2 continuous hours and was under examination the entire time. Every time the subject slouches or bends, it is noted down. The table of results below show different recorded cases. The first case is false positives that corresponds to the instances where the system detects a slouch, however the user is not slouching. True
Positives on the other hand correspond to a real slouch detected by the system. Positives in general are the number of times the person has slouched, regardless of whether it was detected or undetected. Finally, False Negatives correspond to the times that the system failed to detect a slouch. Sensitivity is a measure of the true positive rate, or how many times the system was successful in detecting a slouch when it did happen. Our system had a sensitivity value of 85.1% which is a good number to begin with. In the future, several more testing phases need to be conducted on different ages, and gender groups to obtain a more reliable performance measure. 
8.FINANCIAL STATEMENT
The total cost of our system came up to be $589.375 which is around 2167 AED. This cost was spread across both semesters and the details of each purchase can be seen in the 
CONCLUSION
In this paper we demonstrated a device for posture detection and correction via vibrational until it becomes a habit and reduce chronic back pain that result from poor posture.
PROBLEMS AND CHALLENGES FACED
Initially, the main problem faced were understanding the physiological model of the spine and trying to find a way in which the curvature of the spine can be accurately measured. One issue was that we can not assume that the device is directly measuring the curvature of the spine because it is not directly attached to the spine and there are many other variables involved as it would differ from one person to the other. These variables include the density of the skin, the height of the person and the fact that one can not assume that everyone's spine has the same physical characteristics. Therefore, estimating the curvature of the spine was not simple.
Moreover, finding a good design which will cover the specific part of the spine we were looking at was an issue. The reason being that the users will be varying in terms of height, weight and gender. That all had to be put in mind while designing the model.
Finally, moving the components from the prototype board and soldering them directly to each other for the final system design proved to be a challenge. As we had no prior experience with soldering components, there was always a risk of damaging the components. Since components take a long time to be delivered, we did not have the option of reordering. Some components were more sensitive than others which really added to the challenge of soldering the components together.
SYSTEM LIMITATIONS
Just as any system in the world, our system is not perfect and could be improved in many ways in the future. Our system has some limitations that need to be addressed in the future and these are listed below as follows:
• The current size of our system is larger than originally planned and this might cause some discomfort for the user as the components may be protruding. `This is mainly because of the large number of components that were used to build the system.
• During testing, we have noticed that the measured thoracic angle, although initially accurate, drifts by a small value with time. Therefore, after some time as the user continues to sit in an upright position, the system may detect a false positive.
• There is no way yet for the user to view their progress over time, or change the system settings such as sensitivity of angle.
• Our system focuses only on a single region of the spine, which is the thoracic region.
Users might suffer from problems from other regions such as the kyphotic or neck area.
FUTURE WORK
This project was mainly focused on exploring the possible use of orientation sensors such as the AHRS in measuring postural changes in the sagittal plane of a human's body. There was a gap of knowledge in this area, as not many studies have gone deep into using orientation sensors in order to estimate the spinal curvature.
First, this system needs further verification and validation from experts in the medical field.
Second, more work has to be invested into using more custom made components in order to shrink the size of the system for added comfort to the user and make it even less intrusive. Moreover, we must explore different ways where more areas of the spine can also be covered by the device. Either by using more flex sensors or more AHRS sensors.
In addition, the system could be expanded to add a user interface using a mobile application where users can track their day to day activities and progress and also be able to visually see their improvement.
It is important to note that the AHRS sensor gives us a lot of various readings, therefore can enable us to do various other things along with postural tracking. This means that the wearable system can also detect the user's activity such as running, walking, sitting or idle standing. This could help a lot with postural detection as it can vary according to the activity being performed. Moreover, the data received from the sensor can be used for fall detection and emergency situation detection, therefore it can be pretty useful for the elderly if developed accordingly.
